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INFLUENCE OF GULF WATER-SURFACE TEMPERATURES ON TEXAS WEATHER. 

By I. R. TANNEHILL, 3leteorologiyt. 

[Westher Burem Officc, Gal\-eston, Trx., Aug. 23, 193.1 

It has been shown tsliat the distribution of treiiipcrature 
over the interior of Tesas nnd adjoiniiig dist.ricts in tlie 
suniincr season, together with t,he direct.ion and velocity 
of the prevailing winds, whicl~ in a. nieasurc result there- 
from, eserts a profound influence upon the charnct.fr 
and distribution of rainfall over that, rcgioii.' These nir 
currents are induced nininly hp t.einperat,ure diff erences 
between land and wat.er. It is therefore ncccssnry to 
determine the distribution of temperature over the water 
surface as well as the lanil suiface, and, for several 
reasons, the fornier is by far the more importitiit. 

Since water has a much higher specific hent, es ends 
a large share of its energy in evaporation, and, & its 
mobility, absorbs heat to :I much ,areat,er depth t l im  the 
land surface, its temperature changes are correspondingly 
more sluggish over liinitcd ritnges ns c.ontrsted with land 

any given mater ten1 erat.ure ahnor- 

lmd  areas for a much longer time than 
to persist nnd its influence f ikely t.o be felt 

a similar or even greliter departure of lnnd t,empera- 
ture from the normal. The nssuiiiption that abuornial 
weather over the United States at  tiny season is due in 
part to abnornial tern eratures over the oceins carries 
with it the assumption t s 1st ocean temperatures at  various 
sensons depart materidly from the normal. T1ia.t the 
temperature of the ocean water exhibits il, well-defined 
annual vnriat,ion is underst.ood, but the considerable 
de nrtures from that me,m annual variation are not so 
wJ1 known. 

Dr. Hans Pettersson has said: a 

Important ae the  temperature-regulating functions of the ocean 
undoubtedly are, they would afford but little actual interest were they 
always, from year to  year, exercised in exactly the same manner and 
with unvarying intensity. However, there is ample evidence to show 
that tlJs is not the caae. * * * There are years \vhen the beat 
supply runs down to famine values and other years of lavish abun- 
dance. Exact proofs of this were first produced 30 years ago b Otto 
Pettereaon, which may be said to open new lerspcctives on the r c h o n -  
ship between oceanography and meteoro/ogy. By means of curves 
extending over many years it wi shown that the surface teniperatures 
of the Atlantic off the coast of Norway i n  winter vary considerably 
from year to year and that these variations are reflected on a magnified 
scale in the erfectly parallel fluctuations of the air temperature over 
central SweLn.  

And again, in tlie same paper, Doctor Pettersson 
remarks : 

Froni a theoretical point of view the prevailing conditions of the 
surface sheet of the ocean ought to have a decided influence on t.he 
amount of rain precipitated over t,he continents. However, so far no 
very definite proofs have been produced for the actual existence of the 
supposed relationehip. * * * 
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These and other investigators have found that ocean 
teinpcrnturas do frequently differ considerably from the 
norinal. In a discussion of ocean tern eratures and 
weather in southern California, Williltii % 4. Ritter .and 
George F. McEwen stated that 3- 

During July, Augwt,, September, and October, 1917, the tempera- 
ture of the sez nt the institution f Scrippa) averaged about 6' F. higher 
than for the same months of the nine preceding earn and the force of 
the nortliwest ocean wind for tlie slme time wag axout 20 ta 30 per cent 
below t.he average. These exceptional conditions of wind and water 
\ w e  followed. aa ig well known, by exceptional weather conditions of 
t.he ensuing winter months. 

Ten1 erature of the ocean water is directly de endent 

t,emperature of the surface water is also de endent upon 

Brooks stat.es: 
Insolation and radiation are the moRt important factors in  the general 

heating and coaling of the ocean Rurface. * * * Departures of 
the temperatures of the sea surface from the normal are almost wholly 
the result of variations in wind direction and velocity. * * * The 
effect of chnnges in wind velocity is most noticeable in  the tropics, 
whcrc changes i n  direction are of little or no effect. 

It is wcll known that low temperatures off the west 
consts of -4frica and South duierica are due to rise of. 
cold water from the ocean depths under the influence of 
trade winds.5 Some remarkably low ten1 eratures are 

air tein ernture by cold water alongshore. 

able departures of water surface temperature from the 
normal are not infrequent. For the Gulf of Mesioo 
there are available no systematic observations of 1viit.er 
surface temperatures, but it will be shown that certain 
wetktlier conditions over Texas are undoubtedly asso- 
ciated wibh unusual water temperatures. 

The influenco of tLbnorina1 water temperatures upon 
weut,her over adjacent land areas depends upon the niag- 
nitude of the tibnormulity; that is, a ve cold water 

land, and thus materially reduce the air temperature, 
wheretw a moderately cold surface would give rise to 
nioderate sea winds characterized by absence of cloudi- 
ness, and thus possibly produce a higher air temperature 
than would be the case witah a higher water temperature 
and stttgnant conditions attended bv frequent rainfall 
and lnuCh cloudiness. In  other words, a cool Gulf will 
not necessarily produce low temperatures over adjacent 
land areas. 

upon t R e amounts of insoltition and racliation, Rut the 

the direction and velocity of the winds. 8 r. Charles F. 

found very new to the Equator due to re c f  uction of the 

For t J; lese and other reasons it appe.ms that consider- 

surface would cause a c.ontinuous overflow f3 rom water to 

a Rittor Wm. E. and McEwen Geo. F.: Orean temperatures and seasonal weather 

I Elronke, ~113s.  F.: ocean tempemtures id long-range' rodasting. MO. WEATEER 

6 Hann, Ur. Julius: Handbook of ClimaioloW, p. 185. 

in Suoth& Califorha. Mo. WE;THEX REV November 1918 46: 512. 
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Temperature extremes alona the coast) are clue t.0 over- 
flow of air froni the land. OAhore winds in the daytime 
give rise to abnormally high air teniperatures. Offshore 
winds at night cause lqw morning teni eratures. A warin 

from water to land, with frequent absence of any sea 
wind, and thus the temperature ranges would incrensc 
correspondmgly. The frequent rains and cloudincss that 
would result from such stagnation would act to reduce 
the temperature. 

Now, we do know to n certainty that the Gulf surface- 
water temperatures rise throughout the suiiimer iiiontlis, 
the lag in lieating being considerably more than in thc 
case of a lmcl surface. We may then study tlie clianges 
in weather along the adjacent const during the suiiiiiicr 
as water temperatures increase nnd see what chttrnct.er- 
ivtic cliauiges result. 

The meim wind velocity 
nt 3 p. in., which in all sunimer months prevails 011 shore, 
nradunlly climinislics. The frequency of minfidl increases. 
?he niwn daily range of temperature increases froni 
June t.o August. SSunshine decreases. Tlieve progressive 
clinngm are obviouslv characteristic of c.onclit,ions :ttkentl- 
ing R st,eatly rise ot wat.er temperature. 'rem e~'nt;nrc 

iiws are incmased. 
T A I ~ L E  l.-Xwit.s $w p r h d  191.;-1&2, .iirclitsix, tit C ; ( i l i w ! ~ i i t .  X .i., 

illicsh-ntii:p pr<.ymwiiv uvcrl1ii.r diartgrr crl[eiirliiiy s t d y  rise (# rrvtlcr 
l l ~ t l l p l ~ l 1 l  urc. 

Gulf, then, would obviously result in P ow wind iiioveineiit 

Table 1 gives a few of these. 

est.remcs becoiiie iiiore pronounced. Rainfnll ant H cloudi- 

July. August. July. August. 

11.3 9.0 10 0 
11.2 12.8 6 11 

10.2 3 9 

10.9 10.2 X 7 

----- 

:::I1 10.0 3. 7 

June .............................. 
Jtdy ............................... I 
August ............................ 

bfcan .................................. I 11.1 I 10.4 

IN!* .  ........................................ 8.d 

:n110.. 8.3 
1:11 -1 ......................................... 10.6 
191t; ......................................... s.9 9.9 

11JN.. ....................................... 1 ii 1 8.8 ....................................... 

......... 

8.0 6.8 

10 10 
16 8 
11 5 
6 14 

12 11 

Of these henomenn, the wind velocit,v is uncloiiLt.cdly 

nssuined that in certain years with escessive wind niove- 
inmt the water teniperaturea were below normal and 
vice versa. 

In Table 2 the metin hourly wind ve.loc.itic?s €ur t,hc 
month of July arc given for ststed ycnrs in thc period 
1901-19'22, inclusive. Ihring that pwiocl the inst.ru- 
mentsaf .the Weathex Bureau at  Galvestmi were esposetl 
continuously in the smie locution, with the esccpt.ion 
tliat the elevation of the anenic>met.cir WVIW increas~d fruiii 
112 to 114 feet in 1913, this slight clituige nppmmily 
having no np recinble eifeck on wind velocity record<. 

August for corresponding years. 
In  the first part of the table the five years in wliicli the 

July wind inoveinent was highest have hecn grouped 
according to velocity while in the second part t.he five 
ears in which July wind movement w : ~  lowest have 

teen grouped. These data are follou-ed by frec1ucnc.y 
of rain days. 

11.1 milev per hour ancl August 10.4; in years of ?ow 
movement, July averwed 8.3 niiles per hour and the 
following montli of tKose years averagecl 9.3 miles. 
Apparently tlie condition which caused high mind niove- 
ments in Julv persisted into August, t.liough there was t t  
trend toward normal. 

the best in( P ex to water tempemturc. Consequeiit~ly it, is 

The inean ve P ocities for July are followed by iiitmis for 

In t z e years of high wind niovenient, July nvern,wcl 

.................................................... l!ll.5 
1:11; 
1!111?. 
I X r !  
1 :M. .  

.................................................... 
................................................... 

.................................................... 
.................................................. 

TABLE 2. 

8.0 69 100 
i . 9  77 85 
i . 9  30 81 
i. 1 80 !M 
7.9 I S  Q 

............................................. Mtwl 

.................................................... 1 ~ ~ 1 ! 1  
1!114 .................................................... 
l!*iIi .................................................... 
l!lo; .................................................... 
1Wi .................................................... 

............................................. Meau 

7. s 92 

9.4 
(1.0 59 
9. i 36 so 
9.1 44 77 
9 . i  42 87 

9. a 4.. 61 

IM 97 

--- 

?dean .................................. I 5.31 9.31 11.01 9.6 

In n similar manner the low wind movement continued 
into August, though increasing. These persistent condi- 
tions are thus clinracteristically of water origin. The 
frequencp of rain is less in windy months. Table 3 
shows the menii claily t e n  erature range for July of those 
p a r s  and plso tho sunsfine percenta es. A study of 

frcrlut.ncp of rain, the range of tenipernture, and the 
vclocity of the wind aiitl ercentage of sunshine. are 
siniilar to those progressive cifierences that attend rismg 
water teniperature through the summer month. 

It. scenis reasonable to conclude that in the first group 
of years the Gulf was cold; in the second group it was 

Accortling to a coni ilation by Prof. -4. J. Henry6 

was 0 . 5 O  J?. lower in the fjist group of years than in the 
second, tis nn average. 

TABLE 3. 

this tzilde inclicntes clearly tliat the % ifferences in the 

w n  rnl . 
t.he mean temperature F or the United States as a whole 

July- 

The gre3t.w frequency of rttinfall in +et years is due 
to incrensecl opportunity for ~onvection.~ Note that 
ii\Tc?ritgc nuniher of rainy days for July with excessive 
wind iiiovement ws 8 and for July with low wind move- 
iiiciit 11. Suwust of corres onding years averaged 6.8 
rainy (In-s folTowing a win& July and 9.6 following a 
quiet July. 

AppiwentJy unusually hi h wind movement, su press- 
ing convection in July, is ?ikely to persist into Iugust, 

I~C~THER' REV. Mav. I w  5 1  : 243-249 

-__ 
8 Hcnrs A. J.: Stinnpots and terrestrial temperature in the United States. Yo. 
a Tmnehdl. I. R.! Corr&tion nf wind velocity and convective rains at Houston, 

Texas:. €do. XEATHEH ~ I E Y . ,  April. 1921. 40: 34-S. 
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reducing the rain frequency in the m n e  mttnner, and 
conversely a quiet and, consequent.ly, n wet July will be 
followed by a wind nioveiiient, below norind antl rniiifdl 
above nornial in August. However, it must be not,etl 
that this record covers a period of lit,t.le more t.linn 20 
ears r-md that wind iiioveniont. ut one location on thc !i ems coast is discussed with reference to rainfall which 

results Eroni showers quite lop1 in character. 
Of the above yews, 1017 was iiiost reninrliublc as fnr 

as rainfall is concerned. The t.ot:il rainfall at G:il\-csttm 
that pear wiis 21.43 inches, the lettst cmnunl :unount re- 
corcled since tlie record began in 187 1. The :tvmige 
hourly velocity of tlie wincl for 1017 \viis 11.8 miles, 
which has been esceeded in only two yews of record. 

Abnornially high wind inovenien t ant1 n totd nnnrial 
rainfdl of 5.35 inches charcrcterixed the yeur nt Corpus 
Christi. The sect)ion direct.or a t  tlie close of lleceinber, 
1917, issued in part the following swiiniary: 

December was tlie driest of lti coiiaecutirr. dry inonths, and close~l 
the driest year of the record. The arera-v prwipitation for tlie State 
was only i per cent of t.he normal * * +. Th? deticimc:; w:L< gcii- 
eral, aud three-lifths of the reporting stations liad Iwr  t.li:ui a nicasiir- 
able amount of precipit,ation. 

A persistently high wind niove:nent of this c!inracter 
suggests the iiiniii tenxnce of nn abnoniinlly stcep t.eiii- 

erature gradient froni land to water, w i h  the probir- 
Eility that the source lies in low watex tein erature. 

Atlantic Oceitll,” t,he WEATHEI: REVIEW in 191s inclutletl 
suniiiiaries for the yenr 1917. These were pctrtidly LLS 
follows : 

January: For tlie month under discussion tlie water tcmpi.r;r- 
t m s  were soniewlint below the normal over prwtically the ciit.ire 
ocean. * * * 

Febuary: The mnnt,hly average temprrature of t.ho water :It tlir 
surface was considerably below tlie normal over the entire orcan with 
the exception of the region i n  the vicinity of t.he Azorc.~ and th#> hla- 
deiras and within the northeast trade wind limits, whcre tlie positivr. 
depart,iires ranLvd from 1 to 3 degrees. * * * 

March: * * * while i n  t,he vicinity of t l i ~  American coast aiiil i i i  
the Gulf of Mexico they wwe variaLlr, although slightly negetivc oY1.r 
the grester portion of this territory. 

April: The nitmi monthly twrFace water t.empcratures as cnmp.ri.d 
with the nornisl were about as varialdc as those of tlie air. 

Mav: * * * In h ~ e r i c a n  waters, including the Gulf of Mcsic-ij, 
negadve departures wwe the rule. * * * 

June: The avcragc monthly tcniperat.ure of tlir air over the o w ~ i  
did not. as a rule, vary gt.st.ly frcm t.he iic~rmal. * * * In t.hr c;uli 
of Mexico they were eli;;~it.~y negalire. * * * wliile uvcr  thi: rtb- 
maiiider of the ocean t.he air and watw temprat  lire rlcpnrt.uwtr rliil I I I I L  

differ materiallv. * * * ( Iiiilicatid t.Iiat water tcwprrat.urrs t - d  

Gulf were sliglitly belnw norniaI.) 
July: In  the nort.heast trade wind reeion :md Gulf 1-11 Jtcsicrl t . 1 ~  

depart.urPs wcre r h c r  irregular, raiiciiig frnm minus lo t.11 ~ J ~ I I S  - IO.  

August.: The niran teinperat.ure the water a t  t . 1 ~  siirfwe diffiwd 
but little from t,hst of t,hk air. * * * (Nearly ntmlnl  in t i i i l f  i d  
Mexico.) 

Pept.enibcr: * ’* * in the Culf of h l m i c u  they \wrc dig1111y 
neptive-:+ * * 

Ochber: * * * 09 well as in tlie iiulf i d  Mesic.i, t.lir \wti:r tvin- 
peratures were as a r u b  from 

November: I n  t.he CiUlf  of 3fexico t.he water t.enipitraturcs w r P  frS.ii i i  
2’ to 3 O  lower t,lian iisual- * * * 

December: The temperat,urcas fw t.lie greater Isart nf t.lie n:-xt.livrii 
steamer lanes wtw sunicwliat ctwler t.haii usunl. the same coiidit.iniix 
holding true in the Gulf cif Mexico and in the wetcrs aJjaw!it tu llw 
-4nieric:in cnast, * * * 

The records indicate that for most of the year 1917 
the Gulf water tern eratures were somewhat below nor- 
mal. Such a conxition sets u strong temperature 

b s a s ,  thus suppressing convectional rains. As a result 
ranges in 1917 were poor, stock water was scitrce, move- 
ment of cattle to prevent starvation began in June antl 
continued to the close of the year. Dry weather was 

Under tlie hentling I ‘  Weather C‘ondit>ions over t, f ie Nort,li 

* * 

t.0 -lo I i c l i r v :  t l ip  i i t m i d .  

radien ts and results in izlcreasec P wind movement over 

-- - 
I Clinratologfcal Dataror tht Unitcd Slatps h# Sectluns: Vol. IV, Part IV, p. 125. 

unfavorable for crops and poor stands resulted. A lurge 
acreage wns prepared for minter grain, but most was not 
sown on account of dry we3ther. 

Tahle 1 cnntains rlatn that indicate t,hat dry weather 
cnusetl by high wind moveiuent is likely to persist. The 
suggestion is offered that. :il)noiinnl conditions like those 
of 1917 are tlie result of low Gulf water temperntures. 
It seems mort? than likely that the t.eniperature of the 
Gulf wttter was below the normal cluring t,he entire year 
and that abnormally high wind movement set up thereby 
scrvecl to keep the waters in motion and thus prevent the 
normal accumulation of \ m m i  surface water that would 
have nnturdly tcriiiintiteil tlie abnorninl t.empercl.ture 
crrailiciits. In  short bhe condition is likely to persist 
Eo th because of the wind niovement set up nncl becniise 
watcr, by its mobility, high specific heat, and evnpora- 
tion, responds very sluggislilp in tern erntture chnngcs. 

Since changes in the velocity and rirection of the pre- 
vailing winds over Texas influericc tlie chnracter and (lis- 
trihution of its rttinfiill (1) and esert a profound influence 
upon the crop yield, grazing of cnttle, iintl in other ways 
vit,allp nflect t,he prosperity of this region, the possi- 
bility of long range. forecasts lmsed 11po:i :i very thorougli 
study of writer iuiil lniicl temperatures aiitl other factors 
cleninncl t i t  tention. 

The yenr 19 19, with the lowest nniiual wind inovenien t 
recurllcd a t  Galves ton since the niie.mometcr wns plnced 
in its present exposure, wts nn nhnornial yesr over 
Tesns. Data s1io.cr.n in the foregoing tJ,les would indi- 
cate that tlie G d f  in duly of that yew \vas nbnormally 
wnrni. In that respect i t  was the reverse of the estrerue 
year of 1917 and the effect, on the weather of the State 
was pronounced a i d  its inlluence upon crops w:ts strik- 
inglv in contrast ti-) that (A 191’7. 

The section director in his annunl summary for Texas 
s tn tetl :g 

The year 1919 was t.hc wettwt of record from and including 18SS * * :$. The excessive precipit.at.ion resulted in  danmging floods, 
reduced tlie cotton crop. deteriorated late corn, stimulated insect pests, 
aiid delayed plowvhg, seeding, and harvesting aiid ot.lier farm work. 
Cot tonseed b c g n  to sprout in the bolls and rice and grain in the shock, 
and pesnuts, flweet pot.atoes, and feed crops were begiuning to rot in 
the helds * * *. 

No water temperature records for the Gulf are avsila- 
ble for the yew 1919. 

I n  conclusion, it ciln not he. said thnt the evideii~e-ia 
inilul>itnble. The records discussed we r t h c r  local in 
chrwacter ns regztrcls wind velocity, teniper:iture ranges, 
and sunslline percen tnges. Yct the conditions shown 
thcrein give every evidence of being fiincltimentnlly 
relirtecl to the weather over t,lie State. 

It hus been shown t.lint the variation in these condi- 
tions in .July of vtirious yews is similar to thp vari. J t’ 1011 
which results in those conditions from one smimer 
month to tlie succeeding as the water temperature 
changes. In  the most striking of tlie windy and dr-y 
ywrs, which were sssunierl to attend an nbnorm:dly (!old 
Gdf,  it has heen shown thnt in every probability the 
G~ilf surface water tempem tures, froin relinhle records 
for a portion of the year, were continuously below normal 
throughout the yetw. 

If, then, nhnoiinal water temperatures are responsible 
fur such striking vnrintioiis in tlie weather over tlie 
State and the crop yields and in geiieral tlie conifort and 
prosperity of tlie population, or If there is n probability 
that such is true, it seeins highly important that the clis- 
tribution of water surface temperatures be as well known 
as that of the land surface. 

B Climatological Dataior the United States by Section8: Vol. VI, Part V, p. 148. 


